The results of light and electron microscopic studies demonstrated that Trypanosoma brucei infection produced marked testicular degeneration in deer mice (Peromyscus maniculatus) with highly significant (p < 0.00 1) decreases in testicular weight, seminiferous tubular diameter, and epithelial thickness. Lesions in seminiferous tubules consisted of necrosis of spermatids, spermatocytes, and sometimes the spermatogonia. Sertoli's cells had marked vacuolation and accumulation of phagocytic material. Orchitis was present in most infected mice, particularly those with severe seminiferous tubular degeneration.
Testicular lesions have been reported in recent studies
of trypanosome infections, such as in Trypanosoma vivax infections of sheep and and cattle,I2 T. brucei infections of rabbits" and sheep," and in human trypanosomiasis.' Among the major changes described was testicular degeneration with loss of spermatogenic cells and, particularly with T. brucei infection, an accompanying accumulation of inflammatory cells in the interstitium. These studies have been limited to light microscopy.
Changes produced in the testis and epididymis were examined in the course of s t~d i e s~-~ on the pathogenesis of T, brucei in deer mice (Peromyscus maniculatus). T. brucei EATRO 1 10 produced a chronic infection in the deer mice lasting 33 to 83 days, 14 and this infection has been suggested as a good animal model of human sleeping sickness. Is
Materials and Methods
The origin of the deer mice and their infection with T. brucei strain EATRO 110 have been described." Briefly, the mice, aged five to six months, were selected in groups of three based on visually estimated parity of weights; one of these three was kept as a control while the other two were infected later. They were placed in cages in groups of ten per cage. Two weeks after sorting, each mouse in the infected group received 0.1 ml of diluted infected mouse blood containing approximately 0.1 x lo6 trypanosomes injected intraperitoneally with tuberculin needles. Control and infected mice remained in the same room and received the same pelleted ration. After inoculation, the mice were handled again only when their bedding was changed and when they were killed. Forty male mice were infected with trypanosomes while 20 were used as controls. Infected and control mice selected randomly were killed by ether inhalation between two and ten weeks after infection. Immediately after death, small pieces of the testis from each mouse were fixed in Karnovsky's fixative and later processed for transmission electron microscopy as previously described.' The remainder of the testis was weighed (the weights of the pieces taken for transmission electron microscopy were determined and added after fixation and together with the epididymides were preserved in buffered formol-saline and later sectioned and stained with hematoxylin and eosin (HE) for light microscopy. The seminiferous tubular diameter and epithelial thickness of the HE-stained sections were determined with a calibrated eye-piece micrometer.3 Ten tubules from each testis were selected randomly for this purpose and the mean value for each mouse was calculated.
With transmission electron microscopy, all cells of the interstitium of the testes except red blood cells and endothelial cells were counted and classified, and the percentage of each cell type was determined. Cells found between the basal laminae of the seminiferous tubule and the myoid cells were counted similarly. Statistical analyses were made using the Student's t-test. l6
Results
Testes from 23 infected and 11 control mice were examined during the study. Sequential changes in testicular weights, seminiferous tubular diameters, and epithelial thickness are presented ( fig. l) , and the mean values are given in table I. There was a progressive decrease in testicular weights in the first five weeks after infection and the low weights persisted for the balance of the study with a slight increase in week 10. The diameter and epithelial thickness of the seminiferous tubules progressively decreased up to week 8 of infection, and like the testicular weight, rose slightly in week 10. Mean testicular weights, tubular diameter, and epithelial thickness were reduced significantly (P < 0.00 1) in infected mice. The testes of infected mice usually were firmer to touch and harder to cut than those of control mice. Furthermore, the control testes bulged out when the capsule was cut; those of infected mice did not.
Light microscopic findings: There usually was a decrease in the diameter of the seminiferous tubules due to loss of several adluminal cell layers. Necrotic cells and spermatid giant cells were common in tubules, and occasionally trypanosomes accumulated outside the tubules ( fig. 2 ). There usually was an accumulation of mononuclear cells in the intertubular region (fig. 2); this became more evident as the duration of infection increased. Generally, the testes with the greatest degeneration had the lowest testicular weight, .tubular diameter, and epithelial thickness, and a greater degree of intertubular inflammatory reaction as well. Epididymitis was present in most mice and was characterized by accumulation of mononuclear cells in the interductular region and a conspicuous decrease or absence of spermatozoa in the ducts ( fig. 3) . No lesion was seen in control mice.
Transmission electron microscopic findings: The decrease in cell layers of the seminiferous tubule also was clearly evident with transmission electron microscopy. Spermatozoa were absent from most sections and spermatids were rare. Changes in spermatids consisted of necrosis and giant cell formation (figs. 4,5). These giant cells usually were vacuolated. Spermatocytes usually were more numerous than spermatids but were absent in a few sections and occasionally were necrotic. The spermatogonia often were decreased in number and were absent in a few sections ( fig. 6) . Sertoli's cell percentages increased in tubules and in some instances they were the only cell-type seen ( fig. 6) ; their cytoplasm was highly vacuolated and there was an increase in the amount of amorphous phagocytosed material (figs. 1, 7). In a few severely degenerated testes from mice killed eight to ten weeks after infection, several unidentified electron dense cells with euchromatic nuclei, distinct nucleoli, mitochondria, ribosomes, and other cytoplasmic organelles were present next to the basal laminae of the seminiferous tubules ( fig. 8 ). Although these were blast cells, they were different than the spermatogonia.
The basal laminae of the seminiferous tubules of control mice were lamellated with one to four branching layers (figs. 9a, b). In infected mice the basal laminae increased to four or more layers and were folded extensively (figs. 6-8, 10); however, there was no apparent increase in the thickness of each lamina. 
Number in parentheses is number of mice in group.
Expressed as average measurements f standard error.
it Weight as per cent of total body weight. The myoid cells were shrinking; this was characterized by folding of the cytoplasmic mass and nuclear membrane with increased nuclear diameter (figs. 6-8) in comparison to the controls where the nucleus was elongated and the cytoplasmic mass was stretched (figs. 9a, b). The laminae of the myoid layer were folded in infected mice and in many instances, the outer lamina was thicker than the inner lamina (figs. 8, 10).
Trypanosomes were present commonly in the intertubular space within and outside the blood vessels and lymphatics, sometimes appearing in large numbers in such locations. In a few infected mice the trypanosomes and inflammatory cells also crossed the myoid layer into the space between its inner lamina and the basal laminae of the seminiferous tubules (figs. 7, 10). No trypanosomes were seen beyond the basal laminae of the seminiferous tubule. These inflammatory cells included lymphocytes, macrophages, plasma cells, and eosinophils (table 11; figs. 6-8, 10). Some macrophages in this location were near the basal laminae of the seminiferous tubules and had fine processes extending into the invaginations of the laminae (fig. 7) . The inflammatory cells seldom moved beyond this point, but two macrophages were seen in the lumen of the seminiferous tubules.
There were accumulations of Leydig's cells and inflammatory cells in the intertubular region (table 11) which occupied and distended the lymphatic vessels, venules, and extravascular spaces. The inflammatory cells constituted 74.9% while the Leydig's cells formed 25.1 % of all cells in the intertubular region after excluding the red blood cells. The most prominent inflammatory cells were lymphocytes, macrophages, and plasma cells, with fewer eosinophils, neutrophils, and mast cells (figs. 10-13). With the exception of eosino-phils and occasional lymphocytes, these cells seldom were seen in control testes. The Leydig's cells existed in clusters, generally were smaller than those of controls, had decreased mitochondria1 size and secretory materials, and often had marked folding of the nuclear membrane (figs. 11, 13, 14) .
There was no change in the blood vessels of infected mice. The lymphatics and some venous channels were distended by inflammatory cells but, like the blood vessels, contained no fibrin clot. Transmission electron microscopy of control testes revealed no abnormality.
Discussion
The major changes induced by T. brucei in the testes of deer mice were degeneration of the seminiferous tubules with losses of spermatozoa and many spermatogenic cells (particularly spermatids and spermatocytes), giant cell formation, and hypertrophy of the Sertoli's cells which in many sections were the solesurviving cells. Degeneration was accompanied by proliferation and folding of the basal laminae of the seminiferous tubule and an intense intertubular inflamma-
Fig. 6: Transmission electron micrograph of degenerated seminiferous tubule; loss of all cells except one spermatogonium (SP) and numerous Sertoli's cells (S), markedly folded basal laminae of seminiferous tubule (B), and myoid cells (M). Lymphocytes (1 -4) and macrophages (5) have crossed myoid layer. Bar = 4 pm.
tory reaction consisting principally of lymphocytes, plasma cells, and macrophages, and fewer neutrophils, eosinophils, and mast cells.
Although trypanosomes consistently were present extravascularly in the intertubular tissue, it was significant that they seldom crossed the myoid layer and never breached the basal laminae of the seminiferous tubule. This indicated that the basal laminae of the seminiferous tubules constituted an effective bamer to the spread of the organisms into the seminiferous tubules proper, and the proliferation of the laminae presumably was crucial to this role. A similar increase in the number of layers of the basal laminae of the seminiferous tubule has been described in vasectomized rats2 The preferential thickening of the external lamina of the myoid layer probably represented a further attempt to control the spread of the organisms into the seminiferous tubules proper. In view of this limited distribution of the trypanosomes, it was not clear how the infection produced the extensive damage to the spermatogenic cells of the seminiferous tubules. A similar, more intriguing situation was encountered in T. viva-infection of sheep and goats in which infection resulted in severe testicular degeneration without extravascular localization of the organisms.' Presumably, the epithelial damage in the present study resulted from trypanosome toxins re-leased locally, and from the hyperthermia associated with T. brucei infection. Hyperthermia was found to be partially responsible for the testicular degeneration observed in T. viva infection of sheep and goats, while intravascular coagulation with resultant infarction also occurred in one of the 27 animals examined.' Although fibrin thrombi were present in the testicular lymphatics and veins of T. brucei-infected sheep, this did not result in coagulative necrosis." Fibrin thrombi were absent in blood vessels and lymphatics of T. brucei-infected deer mice and no evidence of coagulative necrosis was present.
Spermatid giant cell formation observed in this infection was present in T. viva infection of goats3 after exposure of the testes to high temperature' and following vasectomyY2 and it was regarded as a common degenerative lesion of the testes8 Degeneration affected the traditionally more vulnerable cells, the spermatozoa, spermatids, and spermatocytes, and in the more severely affected testes only the Sertoli's cells and a few spermatogonia survived; similar observations were made in T. v i v a infection of sheep and goats.' The Sertoli's cells demonstrated increased phagocytic activity characterized by marked vacuolation and accumulation of phagosomes, and these were related to the accelerated cell death that occurred within the tubules. The intertubular inflammatory reaction consisted predominantly of lymphocytes, plasma cells, and macrophages reflecting the chronic nature of the infection and the intense antigenic stimulation existing in testicular tissue. It is significant that the interstitial reaction was most marked in mice with severely degenerated testes, and these mice usually were sacrificed later in infection. Little or no reaction occurred in mildly degenerated testes which usually were from mice killed early in infection. It is noteworthy that lymphocytes and macrophages were the inflammatory cells that crossed the myoid layer in large numbers-often lying with trypanosomes in the space between the myoid layer and the basal laminae of the seminiferous tubules, while other cells which were part of the intertubular in the lumen of degenerating seminiferous tubules. '
The increase in the number of basal laminae of the seminiferous tubule, and the thickening of the external basal lamina of the myoid layer probably were responsible for the failure of inflammatory cells to invade the degenerating seminiferous tubules in mice. Many Leydig's cells were present which suggested some proliferation; it has been stated that some undifferentiated mesenchymal cells in the intertubular tissue are capable of developing into Leydig's cells under gonadotropic stimulation.8 The decrease in the size of the individual Leydig's cells, the paucity of secretory materials suggesting reduced testosterone production, the decrease in mitochondria1 size and the marked nuclear folding may have resulted from the deleterious effects of trypanosomes toxins released into testicular tissues. It would appear, therefore, that Leydig's cells proliferated to compensate for the cellular damage caused by the trypanosome infection.
The slight increase in the weight of the testes at week 10 probably represented the onset of recovery of the testicular epithelium since there also were concomitant slight increases in seminiferous tubular diameter and epithelial thickness. Various parameters such as erythrocyte and leukocyte values commonly recover partially panosome parasitemias have decreased. ous tubule (B); endothelium (arrow); endothelial cell nucleus in the later part of trypanosome infections when tryreaction were either completely absent in this location (neutrophils, mast cells) or were present in comparatively lower proportions (eosinophils, plasma cells). This probably reflected a preferential attraction of some cell types to the location. It was not clear why some macrophages in this location were closely applied to, and extended fine processes into, the invaginations of the basal laminae of the seminiferous tubules. Only two macrophages were seen in the lumen of the seminiferous tubules; this varied from observations in vasectom- 
